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Description 

The invention relates to a device for optical het- 
erodyne detection of an optical signal beam, compris- 
ing a local oscillator unit emitting a circularly pola- s 
rised local oscillator beam, a beam-combining ele- 
ment for combining the signal beam with the local os- 
cillator beam, a polarisation-sensitive beam splitter 
for splitting the combined beam into two linearly and 
orthogonally polarised components, and two opto- 10 
electric converters which are arranged in the radia- 
tion paths of the two linearly polarised components, 
respectively. 

The invention also relates to an optical transmis- 
sion system provided with such a device. is 

A device of this type is known from "Patents Ab- 
stracts of Japan", Vol. 8, No. 243, pp 107E277, Kokai 
No. 59-122.140. 

As compared with direct detection of a signal 
beam, heterodyne detection provides considerable 20 
advantages relating to the signal-to-noise ratio and 
the discrimination of background radiation. The prin- 
ciple of heterodyne detection of optical radiation has 
been described extensively in the Article "Optical Het- 
erodyne Detection" by O.E. DeLange in the journal 25 
"IEEE Spectrum" of October 1968, pp 77-85. As is 
stated in this Article it is important that the states of 
polarisation of the modulated signal beam and of the 
local oscillator beam correspond as much as possi- 
ble. To achieve this, a polarisation control is neces- 30 
sary, because optical transmission systems use opt- 
ical waveguides or optical fibres which have a disturb- 
ing influence on the state of polarisation of the radia- 
tion propagating therein. These fibres, which may be 
several dozen to several hundred kilometres long, are 35 
subjected to uncontrollable external influences such 
as temperature and pressure variations so that the 
disturbance of the state of polarisation may vary in 
time. A signal beam linearly polarised at the input of 
the transmission fibre will generally be distorted at 40 
the output to an elliptically polarised beam whose el- 
lipticity and direction of the major axis vary in time. 

By using a circularly polarised local oscillator 
beam instead of a linearly polarised one in a so-called 
heterodyne "diversity" detection device, a heterodyne 45 
detection device can be realised in which the state of 
polarisation of the local oscillator beam is not dynam- 
ically controlled and in which nevertheless the signal 
intensity and the signal-to-noise ratio vary to a slight 
extent only. For an optimum detection the state of po- so 
larisation of the circularly polarised local oscillator 
beam should be at least substantially maintained dur- 
ing the transmission to the beam combining element, 
or else the quality of the ultimate output signal will be 
degraded. This requirement leads to a restriction in ss 
the number of possible constructions of such a detec- 
tion device, because the trajectory followed and ex- 
ternal influences disturb the state of polarisation in 



the conventionally used optical fibres. 

It is an object of the invention to provide a device 
for optical heterodyne detection of an optical signal 
beam in which the quality of the output signal cannot 
be substantially influenced, because disturbances of 
the local oscillator beam are restricted to a minimum 
for a large number of possible constructions of the de- 
tection device. 

To this end the device according to the invention 
is characterized in that an optical fibre which is sub- 
stantially isotropic with respect to the state of polari- 
sation is arranged in the radiation path between the 
local oscillator unit and the beam-combining element 
Since such a fibre does not have any intrinsic prop- 
erties affecting the state of polarisation, a great flex- 
ibility in the construction of the optical heterodyne de- 
tection device is possible. 

The spun fibres described by A. J. Barlow et al. in 
the Article "Birefringence and polarization mode- 
dispersion in spun single-mode fibres" in Applied Op- 
tics, Vol 20, No. 17, p£: 2962-2968, 1 September 
1 981 , are fibres which are substantially isotropic with 
respect to the state of polarisation. These spun fibres 
exert considerably less intrinsic influence on the state 
of polarisation as a function of temperature and wa- 
velength than the conventional mono-mode optical fi- 
bres. 

An embodiment of the device according to the in- 
vention is characterized in that the beam-combining 
element is a directional fibre-optic coupler. With this 
element a combination of the signal beam and of the 
local oscillator beam can be established without cou- 
pling losses at the entrance and exit faces of the cou- 
pler. 

A device according to the invention may be fur- 
ther characterized in that polarisation-sensitive beam 
splitters are arranged in the radiation paths of radia- 
tion emerging from two outputs of a beam-combining 
element, in that an opto-eletric converter is arranged 
in each of the radiation paths of the beam compo- 
nents emerging from the polarisation-sensitive beam 
splitters, and in that the outputs of the converters in 
the radiation paths of equally polarised components 
are connected to inputs of one and the same differ- 
ential amplifier. By using balanced detection, sub- 
stantially all radiation entering the beam-combining 
element is ultimately detected. The beam-combining 
element is preferably formed in such a manner that ra- 
diation from each of the two inputs is equally distrib- 
uted over the two outputs. 

The invention also relates to an optical transmis- 
sion system comprising a radiation source unit for 
generating a linearly polarised signal beam modulat- 
ed with an information signal, an optical transmission 
fibre transmitting the signal beam and a detection de- 
vice reducing the carrier frequency of the signal 
beam. The optical transmission system according to 
the invention is characterized in that the detection de- 
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vice is a device for optical heterodyne detection of a 
signal beam in accordance with anyone of the above- 
mentioned embodiments. The radiation source unit 
comprises, for example, a semiconductor laser mak- 
ing it possible to generate a frequency-modulated sig- 
nal beam by modulating the current passed there- 
through. Alternatively, the radiation source unit may 
comprise a separate modulator for phase- or frequen- 
cy-modulation of the signal beam. 

The invention will now be described in greater de- 
tail by way of example with reference to the accom- 
panying drawings, in which 

Figure 1 shows diagrammatically an embodiment 
of an optical heterodyne detection device accord- 
ing to the invention, 

Figure 2 shows diagrammatically a further em- 
bodiment using balanced detection and, 
Figure 3 shows diagrammatically an optical 
transmission system according to the invention. 
In Figure 1 the reference numeral 10 denotes the 
end of a long-distance optical transmission fibre. A lo- 
cal oscillator unit 20 generates a circularly polarised 
local oscillator beam. The local oscillator unit 20 is, for 
example, a semiconductor laser with a subsequent X- 
/4-plate placed in a diagonal position or with a subse- 
quent linearly birefringent optical fibre of suitable 
length. The circularly polarised optical radiation orig- 
inating from the local oscillator unit 20 is passed 
through the fibre 30 to one of the two inputs of the 
beam-combining element 40. The other input of this 
element receives the signal beam from the long- 
distance transmission fibre 10. Due to influences act- 
ing on the long-distance transmission fibre, such as 
temperature and voltage variations, the state of polar- 
isation of the radiation beam transmitted by the fibre, 
which beam is linear at the input, is affected so that 
the beam transmitted will be generally elliptically po- 
larised at the output of the fibre, the ellipticity and the 
direction of the major axis varying in time. In Figure 
1 a possible state of polarisation is shown diagram- 
matically at W A". 

According to the invention the fibre 30 is a spun 
fibre or another optical fibre which is substantially iso- 
tropic with respect to the state of polarisation. In Fig- 
ure 1 the state of polarisation of the radiation emerg- 
ing from the fibre is shown diagrammatically at °B". A 
great extent of flexibility in the construction of the de- 
tection device is obtained by using such a fibre. 

Element 40 may be, for example a semi- 
transparent mirror. However, in order to prevent sig- 
nal loss as much as possible, element 40 is preferably 
asymmetric, that is to say, the combined radiation 
beam in the output 41 comprises a large portion of the 
signal radiation and only a small fraction of the local 
oscillator radiation. In the drawing, element 40 is 
shown as a directional fibre-optic coupler, but this ele- 
ment may be alternatively, for example a partially- 
transparent mirror. The composite beam emerging 



from the element 40 is subsequently split in a polari- 
sation-sensitive beam splitter 50, for example a Wol- 
laston-prism, into two linearly and orthogonally pola- 
rised components. Each of the two components is 

5 separately detected in one of the opto-electric con- 
verters 61 and 62, for example, radiation-sensitive di- 
odes. The output signals of the converters are added 
to the detection circuit 70 in which these signals, if 
necessary after a phase correction, are added to the 

10 final signal 71. 

Figure 2 shows an alternative possibility of de- 
tecting the composite beam. In this case the radiation 
from the two outputs of the coupler is used. As in Fig- 
ure 1, the reference numeral 10 in Figure 2 denotes 

15 the end of an optical fibre through which a signal 
beam is transmitted, the reference numeral 20 de- 
notes a local oscillator unit, the reference numeral 30 
denotes the spun fibre and the reference numeral 40 
denotes a beam-combining element The radiation 

20 originating from the signal beam and from the local 
oscillator is preferably distributed equally over the 
two outputs 42 and 43 of the coupler. The beam 
emerging from each of the two outputs is added to 
one of two polarisation-sensitive beam splitters 51 

25 and 52, respectively, each splitting the incoming 
beam into two linearly and orthogonally polarised 
components which are detected in the opto-electric 
converters 61, 62 and 63, 64, respectively. The con- 
verters 61 and 63 detecting, for example the horizon- 

30 tally polarised components add their output signals to 
the differential amplifier 65. The outputs of the con- 
verters 62 and 64 detecting the vertically polarised 
components are connected to the inputs of the differ- 
ential amplifier 66. Since the beams from the two out- 

35 puts 42 and 43 of the element 40 have opposite phas- 
es, the AC-components are added together in the dif- 
ferential amplifiers 65 and 66, whereas the DC-com- 
ponents of output signals of the converters are can- 
celled. The output signals of the differential amplif i- 

40 ers 65 and 66 are added to the circuit 70 which sup- 
plies the final signal 71. 

Figure 3 shows an optical transmission system in 
which the invention is used. A radiation source unit 80 
comprises a radiation source 81 , for example, a sem- 

45 iconductor laser which emits radiation which is modu- 
lated in the electro-optic modulator 82 with the infor- 
mation signal S. Alternatively, the radiation source 
unit may comprise only a semiconductor laser which 
emits a signal beam whose frequency is modulated 

so by changing the current passed through the laser. The 
optical signal is transmitted through the long- 
distance transmission fibre 83 to one of two inputs of 
the optic coupler 84. The other input of the coupler 84 
is connected to the output of a local oscillator unit via 

55 a spun fibre 86. In the manner as described with ref- 
erence to Figures 1 and 2 the radiation from one or 
from both outputs of the coupler is split into horizon- 
tally and vertically polarised components by the po- 
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larisation-sensitive beam splitter 87. Each of the com- 
ponents is detected by one of the opto-electric con- 
verters 88 and 89. From the output signals thereof, 
the output signal S' is determined in the circuit 90. 



Claims 

1. A device for optical heterodyne detection of an 
optical signal beam (10), comprising a local oscil- 
lator unit (20; 85) emitting a circularly polarised 
local oscillator beam (30; 86), a beam-combining 
element (40; 84) for combining the signal beam 
with the local oscillator beam, a polarisation-sen- 
sitive beam splitter (50; 51, 52; 87) for splitting 
the combined beam (41) into two linearly and or- 
thogonally polarised components, and two opto- 
electric converters (61 , 62; 63, 64; 88, 89) which 
are arranged in the radiation paths of the two lin- 
early polarised components, respectively, char- 
acterized in that an optical fibre (30; 86) which is 
substantially isotropic with respect to the state of 
polarisation is arranged in the radiation path be- 
tween the local oscillator unit (20; 85) and the 
beam-combining element (40; 84). 

2. A device as claimed in Claim 1, characterized in 
that the beam-combining element is a directional 
fibre-optic coupler (40; 84). 

3. Adevice as claimed in Claim 1 or 2, characterized 
in that polarisation-sensitive beam splitters (51, 
52) are arranged in the radiation paths of radia- 
tion emerging from two outputs of a beam- 
combining element (40), in that an opto-electric 
converter (61, 62, 63, 64) is arranged in each of 
the radiation paths of the beam components 
emerging from the polarisation-sensitive beam 
splitters (51, 52), and in that the outputs of the 
converters (61, 63; 62, 64) in the radiation paths 
of equally polarised components are connected 
to inputs of one and the same differential ampli- 
fier (65; 66). 

4. An optical transmission system comprising a ra- 
diation source unit (80) for generating a linearly 
polarised signal beam modulated with an infor- 
mation signal (S), an optical transmission fibre 
(83) transmitting the signal beam and a detection 
device reducing the carrier frequency of the sig- 
nal beam, characterized in that the detection de- 
vice is a device (85, 86, 84, 87, 88, 89, 90) for opt- 
ical heterodyne detection of a signal beam as 
claimed in any one of the preceding Claims. 



Patentanspruche 

1 . Anordnung zur optischen Clberlagerungsdetekti- 
on eines optischen Signalstrahlenbundels (10), 

5 mit einer ein zirkular polarisiertes Strahlenbflndel 

eines lokalen Oszillators aussendenden lokalen 
Oszillatoreinheit (20; 85), einem strahlenzusam- 
menf uhrenden Element (40; 84) zum Zusammen- 
f uhren des Signalstrahlenbundels mit dem Strah- 

10 lenbundel des lokalen Oszillators, einem polari- 
sationsempfindlichen Strahlteiler (50; 51, 52; 87) 
zum Aufepalten des zusammengef uhrten Strah- 
lenbundels (41) in zwei linear und zueinander 
senkrecht polarisierte Komponenten und zwei 

15 optoelektrische Wandler (61 , 62, 63, 64; 88, 89), 
die in den jeweiligen Strahlungswegen der bei- 
den linear polarisatierten Komponenten liegen, 
dadurch gekennzeichnet , daft eine bezuglich des 
Polarisationszustandes nahezu isotrope opti- 

20 sche Faser (30; 86) in dem Strahlungsweg zwi- 
schen der lokalen Oszillatoreinheit (20; 85) und 
dem strahlenzusammenfuhrenden Element (40; 
80) liegt 

25 2. Anordnung nach Anspruch 1, dadurch gekenn- 
zeichnet daB das strahlenzusammenfQhrende 
Element ein direktionaler faseroptischer Koppler 
(40; 84) ist. 

30 3. Anordnung nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet , daB in den Strahlungswegen von 
aus zwei Ausgangen eines strahlenzusammen- 
fuhrenden Elementes (40) austretender Strah- 
lung polarisationsempfindliche Strahlteiler (51, 

35 52) angeordnet sind, da& ein optoelektischer 
Wandler (61, 62, 63, 64) in jedemderStrahlungs- 
wege der aus den polarisationsempfind lichen 
Strahlteilern (51, 52) austretenden Bundelkom- 
ponenten angeordnet ist, und daft die AusgSnge 

40 der Wandler (61 , 62; 63, 64) in den Strahlungswe- 
gen gleich polarisierter Komponenten mit Ein- 
gangen ein und desselben Differenzverstirkers 
(65; 66) verbunden sind. 

45 4. System zur optischen Obertragung mit einer 
Strahlungsquelleneinheit (80) zum Erzeugen ei- 
nes mit einem Informationssignal (S) modulier- 
ten, linear polarisierten Signalstrahlenbundels, 
einer das Signalstrahlenbundel ubertragenden 

so optischen Faser (83) und einer die Trigerfre- 
quenz des Signalstrahlenbundels verringernden 
Detektionsanordnung, dadurch kennzeichnet , 
daft die Detektionsanordnung eine Anordnung 
(85, 86, 84, 87, 88, 89, 90) nach einem der vor- 

55 hergehenden AnsprOche ist. 
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1. Dispositif concu pour la detection optique hetero- 
dyne d'un faisceau de signal optique (10), 
comportant una unite d'oscillation locale (20; 85) 5 
emettant un faisceau d'oscillation local circulaire- 
ment polarise (30; 86), un element de combinai- 

son de faisceau (40; 84) pour combiner le fais- 
ceau de signal avec le faisceau d'oscillation local, 
un diviseur de faisceau sensible a la polarisation 10 
(50; 51; 52; 87) pour diviser un faisceau combine 
(41) en deux composantes polarisees orthogona- 
lement et lineairement, et deux convertisseurs 
opto-electriques (61, 62; 63, 64; 88, 89) disposes 
dans chacun des trajets de rayonnement des 15 
deux composantes polaris6es lineairement, ca- 
racterise en ce qu'une fibre optique (30; 86) etant 
sensiblement isotropique relative a Petat de pola- 
risation est disposee dans le trajet de rayonne- 
ment s'etendant entre I 'unite d'oscillation locale 20 
(20; 85) et 1'element de combinaison de faisceau 
(40; 84). 

2. Dispositif selon la revendication 1 , caracterise en 

ce que I'element de combinaison de faisceau est 25 
constitu6 d'un coupleur fibro-optique direction- 
nel (40; 84). 



3. Dispositif selon la revendication 1 ou 2 V caracte- 
rise en ce que des diviseurs de faisceau sensi- 30 
bles a la polarisation (51 , 52) sont disposes dans 

les trajets de rayonnement du rayonnement pro- 
venant de deux sorties de I'element de combinai- 
son de faisceau (40), en ce qu'un convertisseur 
opto-electrique (61 , 62, 63, 64) est dispose dans 35 
chacun des trajets de rayonnement des compo- 
santes de faisceau sortant des diviseurs de fais- 
ceau sensibles a la polarisation (51 , 52), et en ce 
que les sorties des convertisseurs (61, 63; 62, 
64) intercalees dans les trajets de rayonnement 40 
de composantes polarisees de facon egale sont 
connectees a des entrees d'un seul et meme am- 
plif icateur difference! (65; 66). 

4. Systeme de transmission optique comportant 45 
une unite de source de rayonnement (80) pour 
engendrer un faisceau de signal polarise lineaire- 
ment module avec un signal d'information S, une 
fibre de transmission optique (83) transmettant 

le faisceau de signal, et un dispositif de detection so 
reduisant la frequence porteuse du faisceau de 
signal, caracterise en ce que le dispositif de de- 
tection est un dispositif (85, 86, 84, 87, 88, 89, 90) 
concu pour la detection optique heterodyne d'un 
faisceau de signal selon I'une quelconque des re- 55 
vendications precedentes. 
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